Biodiesel purification by water washing has been proved to be an unattractive process from an economic and environmental point of view. In this work, we propose the use of regenerated cellulose membranes from peanut shell as an alternative in the biodiesel purification. The preparation of the membranes was optimized from a central composite design, resulting in dense and non-porous membranes. However, in contact with biodiesel, the membranes undergo expansion due to the retention of methanol, water, and glycerol molecules, allowing the permeation of fatty acid methyl esters. The filtered biodiesel presents quality parameters, such as total ester content of 98.3 ± 1.4% and free glycerol content < 0.02%, in agreement with the main regulatory agencies. The regenerated cellulose membranes from peanut shell are easily prepared, with high repeatability (relative standard deviation (RSD) < 1.8%) and are presented as an economical and environmental solution for the biodiesel purification.
Introduction
The search for alternative energies, which are renewable and environmentally friendly, has been intense in recent decades. 1, 2 Reducing the use of fossil fuels and their high polluting power are among the main motivations for this search. Biodiesel can be considered an interesting energetic alternative to the fossil diesel since it is obtained from renewable sources and it does not release sulfur compounds during its burning in the engines. [3] [4] [5] [6] The most common method of obtaining biodiesel has been the transesterification reaction in which triglycerides of vegetable oils react with short chain alcohol (methanol or ethanol) in a molar ratio greater than 3:1 using a homogeneous basic catalyst (KOH or NaOH), producing fatty acid esters. 7, 8 However, besides the mixture of fatty acid esters, characteristic of the raw material used, glycerol is also a co-product of the reaction. The largest fraction of the glycerol is removed from biodiesel after the reaction from the separation of phases by decanting, due to the difference in polarity and density of the products. 9 On the other hand, after the decantation, a small residual fraction of free glycerol and acylglycerols remains in biodiesel, needing to be removed since it strongly affects biodiesel quality, reducing engine life and releasing toxic substances into the environment. 10 The removal of glycerol residues from biodiesel for values within the limits established in the main international legislation can be obtained from a post-decantation purification step. This purification step is usually accomplished by washing the biodiesel with hot purified water, which is quite efficient due to the high solubility of the glycerol in water. However, the use of water in the biodiesel purification process results in a highly polluting liquid effluent with high chemical oxygen demand and high concentration of suspended solids. 10, 11 In addition to the environmental factor, cost increases and production time make biodiesel purification by the water washing method a disadvantageous and unattractive process as an alternative to fossil diesel.
Dry purification methods have been proposed to eliminate the use of water in the biodiesel production and all the disadvantages associated with its use. [12] [13] [14] [15] One of the dry methods that have been promising in the purification of crude biodiesel is the membrane separation. 13, 16, 17 In this process, the membrane acts as a barrier to the glycerol molecules, which are associated with other ones by hydrogen bonds increasing the particle size, while the molecules of the fatty acid esters pass the membrane pores, getting in the permeate and separating from the glycerol. 18 Ceramic membranes 19, 20 and synthetic polymer ones [21] [22] [23] have been the most exploited for biodiesel purification, despite the lower reproducibility and higher cost of the preparation process. Atadashi et al. 24 used a membrane filtration system to remove free glycerol and soap from crude biodiesel. The crude biodiesel was filtered through tubular membranes with 0.05 μm pores, resulting in a retention coefficient of 97.5% free glycerol and 96.6% soap. 24 Another study was conducted by Torres et al. 23 that prepared polymer membranes from poly(vinylidene fluoride) and poly(sulfone), evaluating the reduction of the glycerol content in soybean biodiesel. The poly(vinylidene fluoride) membrane achieved a 67% reduction of the glycerol and the poly(sulfone) membrane a reduction of 48%. Organic polymer membranes, prepared from biomass residues, can be biodegradable, inexpensive and environmentally friendly alternatives for the purification of biodiesel, making whole biodiesel process as a viable alternative to fossil diesel.
Peanut shell is a residue from the agro-industry, obtained after the processing of peanuts, whose annual production reached levels of 45 million tons in 2018. 25 About 20% of the total mass of the peanut refers to its peel, which is usually discarded and subsequently burned. 26 The main components of peanut shell are lignin, about 40%, and polysaccharides (cellulose and hemicellulose), between 45-50%. 26, 27 Therefore, the peanut shell presents itself as an interesting source of cellulose to produce membranes and subsequently be used for biodiesel purification. The cellulose can be extracted from the peanut shell and regenerated from a chemical or mechanical treatment. The regenerated cellulose can be obtained in three stages: dissolution, molding, and regeneration, which will eventually transform the cellulose into useful materials such as films, granules, fibers, membrane, etc. [28] [29] [30] Regenerated cellulose membranes were produced from wheat straw, 31 newspapers, 32 cotton waste garments, 29 among others, and all of them presented good mechanical properties.
In this work, we propose the extraction of cellulose from the peanut shell and its regeneration in the form of cellulose membranes for the purification of crude biodiesel obtained from the transesterification of soybean oil, removing the glycerol and alcohol residues. The characterization of the produced cellulose membrane and the membrane working mechanism in the process of separation of the glycerol from the soybean biodiesel methyl ester mixture are also presented.
Experimental

Chemicals
Peanut with shell was acquired in local greengrocers in the Triângulo Mineiro, MG, Brazil. Potassium hydroxide, acetic acid, sodium sulfate, bis(ethylenediamine)copper(II) hydroxide and hydrochloric acid were used for preparation of the cellulose membranes and were purchased from Hexis (São Paulo, Brazil). Glycerol PA was acquired from Hexis. Phosphorus pentoxide (99%), methyl alcohol anhydrous (99.8%), n-heptanol (98%) and heptadecanoic acid methyl ester (analytical standard grade) were obtained from Sigma-Aldrich (São Paulo, Brazil). Sodium arsenite was acquired from Anidrol (Diadema, Brazil).
Extraction of cellulose from the peanut shell
The extraction of cellulose was performed according to Viera et al. 33 3.000 g of peanut shell was initially washed with distilled water to remove impurities. After that, the biomass was mixed with 100 mL of KOH solution at 24% (m/m) in an inert atmosphere, which was obtained by N 2 flux into the solution for 10 min. The mixture was placed in a water bath at 25 °C for 2 h under constant stirring. The mixture was filtered through a sintered crucible and washed with 25 mL of a 24% KOH solution, then with 25 mL of 10% (v/v) aqueous acetic acid solution and finally with 100 mL of distilled water. The solid residue at the end of the filtration was washed with distilled water until the pH of the filtrate was neutral. Then it was washed with 50 mL of acetone and dried at 105 °C for 3 h. After this period, the pulp was weighed to obtain a mass of 1.311 ± 0.173 g, which corresponded to 43.7 ± 5.8% of the initial peanut shell mass. This value is very close to reported in the literature 34 for the cellulose content in the peanut shell, about 45.9%. Cellulose was separated for later use in the preparation of membranes.
Preparation and optimization of regenerated cellulose membranes
The regenerated cellulose membranes were obtained from the cellulose extracted from the peanut shell. An amount of cellulose (0.75 to 1.05 g) was added in 8.30 mL of ultrapure water and stirred at room temperature for 10 min. Then, 15.0 to 26.7 mL of bis(ethylenediamine) copper(II) hydroxide (CUEN) was added, maintaining the mixture under magnetic stirring for 10 min. The solution was purged with nitrogen gas for 5 min, then returned to stirring for 1 h. 0.20 to 0.60 g of sodium sulfate or silica gel was added to the solution under stirring. Then, 7 mL of the solution was spread on a Petri dish, standing it until the solution had completely dried at room temperature (ca. 27 °C) for 6 h. After drying, the cellulose membrane was placed in a 1 mol L −1 of hydrochloric acid solution for 10 min. The membranes were washed with distilled water and then left in acetone until use for the filtration process.
To optimize the preparation of regenerated cellulose membranes, an initial evaluation of variables ( Table 1 ) that could affect biodiesel filtration was performed. Regenerated cellulose membranes were prepared under combinations of the levels of variables, following a 2 5 -2 fractional factorial design, and used in the filtration of soybean methyl biodiesel. The measured response for each experiment was the percentage of fatty acid methyl esters in the filtrates.
After the selection of variables, a study was carried out to optimize the most significant ones in the biodiesel purification process: the CUEN:cellulose ratio (x 1 ) and the amount of porogenic agent (x 2 ), by a composite central design (CCD). At this stage, the levels of the selected variables were expanded, as suggested by this type of experimental design. 35 The matrix of experiments is presented in Table 2 . Cellulose membrane preparations were performed combining all levels of the variables studied and the total ester content obtained after the filtration of soybean methyl biodiesel in each experiment was employed as the CCD response.
Characterization of cellulose membranes
After preparation and optimization, regenerated cellulose membranes were physico-chemically and morphologically characterized. The membrane surface and cross-sections, before and after biodiesel filtration, were sputter-coated with gold and then examined with a TESCAN model Vega3 scanning electron microscope (Tokyo, Japan) at 20 kV. Fourier-transform infrared (FTIR) spectra of the little pieces of regenerated cellulose membranes were performed using attenuated total reflectance accessory in a Cary 630 FTIR infrared spectroscope (Agilent Technologies, Santa Clara, CA, USA). Thermal stability and thermogravimetric profiles of regenerated cellulose membranes from peanut shell were obtained by thermogravimetric analysis. Samples were heated from room temperature to 600 °C, with 5 °C min −1 . Measurements were performed under N 2 atmosphere in a TA Instruments thermogravimetric analyzer model TGA-55 (New Castle, DE, USA). The differential scanning calorimetry (DSC) experiments were done using a TA Instruments model DSC 25 equipment (New Castle, DE, USA) and aluminum pans, with the sample in little pieces. Heating rate was 10 °C min −1 and nitrogen flow was 50 cm 3 min −1 .
Water vapor flux (J) through the regenerated cellulose membranes was measured by the Payne's cup technique using P 2 O 5 as a drying agent. The cellulose membrane, with the same diameter of the Payne's cup, had its thickness previously measured with a micrometer. Water was added to the cup and the regenerated cellulose membrane was placed onto the cup's support. The system was weighed and put into a desiccator and was subsequently weighed at every two minutes, which was enough for reaching the stationary state condition. Weight-loss was calculated according to equation 1. 36 Table 1 . Variables and levels studied in the optimization of the regenerated cellulose membrane preparation using a 2 5 (1)
where J is the water vapor flux, Δm is the quantity of permeate, A is the effective membrane area, and Δt is time to obtain the quantity of Δm.
Soybean biodiesel transesterification
To evaluate the efficiency of regenerated cellulose membranes from peanut shells in biodiesel purification, biodiesel was prepared by the transesterification of soybean oil. Portions of soybean oil were subjected to a transesterification reaction with methanol, in the molar ratio of 1:6 (v/v) alcohol, using 1% (m/m) potassium hydroxide as the catalyst. Initially, the potassium methoxide was prepared by mixing 60.000 g of methyl alcohol and 3.000 g of potassium hydroxide under constant stirring until complete homogenization. Thereafter, the mixture was added to 300.000 g of soybean oil under constant stirring at 45 °C for 50 min. After this period, the mixture was transferred to a separatory funnel, separating the biodiesel from the glycerol, after 50 min of rest.
The fraction of fatty acid methyl esters (crude biodiesel) was subjected to two additional purification processes: (i) distilled water washing and (ii) filtration through the regenerated cellulose membranes, using a vacuum filtration system.
Biodiesel characterizations
Samples of crude biodiesel and purified by water washing and filtration with regenerated cellulose membranes were submitted to the characterization of some properties such as total ester content, total and free glycerol content, acidity, kinematic viscosity, and specific gravity.
The total esters content was determined from the method EN 14103, 37 using gas chromatography with flame ionization detection. 1 μL of crude or purified biodiesel samples were injected into a gas chromatography-flame ionization detection (GC-FID) system from Thermo Scientific (San Jose, CA, USA), Focus GC model, using a Carbowax 20M chromatographic column (30 m × 0.25 mm × 0.25 μm film thickness). GC conditions were split mode injection (1:10) at 250 °C; flame ionization detector temperature, 250 °C; oven temperature at 190 °C holding for 7 min; N 2 flow rate at 1.5 mL min −1 . The free glycerol content in the crude, distilled water washed, and filtrated biodiesel samples were obtained by the official method Ca 14-56 from the American Oil Chemists' Society (AOCS), 38 using an iodometric-periodic acid method. Free glycerol that remains after the decantation step was reacted with periodic acid. The resulting compound is titrated with normalized sodium arsenite solution using an aqueous starch (1% m/v) indicator solution. The acidity index of the biodiesel samples was determined by the method EN 14104. 39 The kinematic viscosity of the biodiesel samples was determined by the ASTM D445 method 40 and the specific gravity of the biodiesel samples was determined by AOAC method 985. 19. 41 
Results and Discussion
Initially, regenerated cellulose membranes were obtained from the spreading of the cellulose solution in a flat glass plate or a glass Petri dish. The main advantage of the Petri dish, with 10 cm in diameter, was to obtain circular membranes with 150 μm thick (wet membrane) in the appropriate diameter for the filtration system ( Figure S1 , Supplementary Information (SI) section), without the need for any further processing. Also, the cellulose membranes prepared in the glass Petri dishes allowed a constant flow of biodiesel, with good permeability and with acceptable repeatability of total fatty acid methyl esters (FAME) in the permeate, relative standard deviation (RSD) < 4%.
Optimization of the preparation of regenerated cellulose membranes by central composite design
In order to optimize the preparation of regenerated cellulose membranes from peanut shells, different preparation conditions were studied using a CCD. The membranes prepared were used in the filtration of crude soybean biodiesel and the permeate was analyzed by GC-FID for the determination of total esters content. According to EN 14103, 37 the minimum total ester content must be greater than 96.5%. Therefore, the objective of the optimization was to define the preparation conditions of the cellulose membranes that result in total ester contents in biodiesel above that required by the international biodiesel quality standards. 38, [42] [43] [44] First, a fractional factorial design was carried out to select the variables that most affect the performance of cellulose membranes in biodiesel filtration. Five variables at two levels each were combined to perform eight replicated experiments, as presented in Table S1 (SI section). From these experiments, it was observed that the variables that have the most significant effect in the preparation of cellulose membranes were CUEN:cellulose ratio and porogenic agent mass, which was defined as sodium sulfate (more significant than silica). These two variables were then optimized according to CCD, performing 11 experiments ( Table 2 ). The total ester content in the permeate obtained in each experiment was determined by GC-FID according to EN 14103. 37 The results were used to construct a response surface from the CCD experiment matrix for the two variables studied (Figure 1 ).
In general, response dispersion within the investigated region may be considered very low (RSD < 1.8%), as observed on the response surface ( Figure 1 ). One experiment, in which the cellulose membrane was prepared with the lowest amount of sodium sulfate, was not able to filter the crude biodiesel. This implies that, for the regenerated cellulose membrane to act as a filter system, there is a need for the addition of a minimum amount of porogenic agent (Na 2 SO 4 ) in the membrane preparation guaranteeing permeation of the liquid by the membrane. The determination of the optimal conditions of the CUEN:cellulose ratio (x 1 ) and the mass of sodium sulfate (x 2 ) was obtained from the quadratic polynomial model generated by the response surface (equation 2). This model was submitted to the derivative of total ester content (E (z)) with respect to x 1 and then with respect to x 2 . The optimized values were: CUEN:cellulose ratio as 18.2 mL:0.80 g and 0.59 g of sodium sulfate mass. Under these conditions, according to the polynomial model obtained by the response surface, the total ester content in the filtered biodiesel would be 97.1%.
(2) Table S2 in the SI section presents the analysis of variance (ANOVA) for total ester content in biodiesel purified by regenerated cellulose membranes. The R-squared (coefficient of determination) indicated that the model explains 86.88% of the variability in total ester content of filtered biodiesel while the adjusted R-squared was 73.75%.
Regenerated cellulose membranes from the peanut shells were prepared under optimized conditions and subjected to soybean biodiesel purification. Both the membranes and the filtered biodiesel were characterized to evaluate the action mechanism of the membranes and the efficiency of the biodiesel purification process.
Characterization of regenerated cellulose membranes
Cellulose membranes were evaluated for their morphology from scanning electron micrographs before and after biodiesel filtration ( Figure 2 ). In these micrographs, it is possible to observe that before the filtration, the dry membranes appear as dense and nonporous membranes, despite the roughness aspect of their surface (Figures 2a and 2b) . On the other hand, in the contact between the membrane and biodiesel, cellulose membranes expand, probably due to the formation of hydrogen bonds between hydroxyl groups of cellulose and water molecules and/or glycerol residues present in biodiesel, allowing the permeation of the FAME during the filtration. In the filtration of biodiesel with cellulose acetate and poly(ether sulfone) membranes, Alves et al. 18 indicated that the molecules of water joined to glycerol and these larger molecules were unable to pass through the membrane pores, while the FAME molecules are permeated, reducing the amount of glycerol in biodiesel. It is important to mention that the morphology of the cellulose membranes is dependent on the lignocellulosic material employed, even though the membranes have been processed in a similar way. 45 Sodium sulfate, as seen, needs to be present in a minimal amount in the membrane to allow filtration of biodiesel. This fact may be related to the formation of small cavities in the cellulose membrane due to the small solubilization of sodium sulfate in water molecules during the biodiesel filtration.
To evaluate the membrane conditions after the filtration process, thermogravimetric analysis (TGA) and DSC were performed. In the TGA, the change in the mass of the cellulose membrane as a function of temperature under a controlled heating rate is evaluated in order to identify thermal events associated with the volatilization of substances incorporated into the cellulose and the decomposition of the cellulose structure. In the DSC, the thermal events are associated with the change in the heat flow that affects the sample. This change can be associated to endothermic or exothermic processes that occur in the form of peaks in the DSC curves, being possible to observe physical and chemical processes of the cellulose and of substances incorporated to the cellulose.
The thermal stability of the cellulose membranes, before and after filtration, was evaluated by thermogravimetric analysis and the obtained TG curves are presented in Figure 3 .
The regenerated cellulose membrane presents a typical thermogravimetric profile expected for lignocellulosic materials, in which the first event highlights the desorption of adsorbed water in the cellulose structure due to its hydrophilicity and organizational structure. The membrane exhibits thermal stability up to about 200 °C, when the second thermal event related to thermal decomposition/degradation of the main chain of cellulose is started. The process occurs leaving a residue of 22% at 600 °C, which is related to the presence of sodium sulfate in its structure. After filtration, the membrane presents a high degree of swelling and an accumulation of biodiesel in its structure, changing the thermal stability of the membrane. Membrane swelling may be associated with the presence of methanol and glycerol residues forming hydrogen bonds with hydroxyl groups of the cellulose. The glycerol and FAME retained in the membrane after the filtration was removed up to 190 °C, registering a thermal event before the degradation of the cellulose membrane. Figure 4a shows the first scan DSC curves for the cellulose membrane before and after the biodiesel filtration. The cellulose membrane presents a single thermal event related to desorption of water adsorbed on the lignocellulosic material at 99.40 °C. At higher temperatures, the membrane undergoes thermal decomposition as observed in the TG curves. For the cellulose membrane after filtration other events are observed, such as endothermic peaks at −55.45 and −2.07 °C and an endothermic event at 112.41 °C. The observed peaks are probably associated with the melting of the FAME present in the biodiesel, possible water desorption, and glycerol, respectively. The water desorption endothermic event for the cellulose membrane after biodiesel filtration has a different profile and temperature than that observed for the membrane before filtration. An endothermic event centered at 112.41 °C is observed for the membrane after filtration, the increase in temperature is indicative of a change in the pattern of the hydrogen bonds between methanol, water and cellulose due to the presence of biodiesel and small amounts of glycerol. In this case, the observed changes indicate higher polymer/water/methanol/glycerol interaction with increasing temperature for desorption of the bound water. These cause a significant change in the shape of the endothermic peak, which may be associated with the presence of methanol in surrounding of water and a small amount of glycerol in the polymer structure.
These observations are in accordance with DSC data for glycerol, crude biodiesel and filtered biodiesel shown in Figure 4b . The DSC curves present a profile with events associated with FAME melting at −53.51 and −3.47 °C as recorded on the DSC curve of the membrane after filtration. The glycerol curve shows an endothermic event at 123.42 °C. This data is possibly in agreement with that observed for the membrane after filtration which shows a low-intensity peak at 138.93 °C (Figure 4a ) which may be associated with the presence of small quantities of glycerol and methanol.
The regenerated cellulose membranes were evaluated for their transport properties by measuring the water vapor flux through the Payne's cup technique. Membranes before and after the biodiesel filtration were submitted to the test. The membranes were initially measured for their diameter by a micrometer, and an expansion of 80% of the initial thickness of the cellulose membrane was observed after the biodiesel filtration. This expansion allowed the water vapor flux through the cellulose membrane to increase about 6.5 times as compared to the original membrane prior to filtration ( Table 3 ). As seen, the cellulose membrane before filtration appears as dense and non-porous, but the contact with methanol, water or glycerol, expands its structure, allowing the permeation of biodiesel. This hypothesis is confirmed by the water vapor flux.
Regenerated cellulose membranes produced in this work were used for biodiesel purification by the vacuum-driven process. To evaluate the efficiency of the sample filtration and purification process, factors such as the effective membrane surface area and the expected effective volume after sample processing are important information. Regenerated cellulose membranes were evaluated for their maximum biodiesel filtration capacity. Membranes with a superficial area of 15.90 cm 2 presented an average capacity to filter up to 200 mL of biodiesel, maintaining the total ester content of more than 96.5%. In a test carried out to filter larger volumes of crude biodiesel, the sample shows a decrease in total ester content and an increase in glycerol content, indicating a decrease in sample purification capacity for crude biodiesel when volumes were greater than 200 mL. In the filtration of crude biodiesel volumes greater than 400 mL a clear decrease in the filtrate volume was observed, indicating membrane fouling.
Regenerated cellulose membranes showed efficiency in the purification of crude biodiesel up to 200 mL of sample and durability for the point of view of filtration process up to 400 mL of crude biodiesel. The water permeability (in cm 2 s −1 ) of cellulose membrane at 25 °C was measured before and after filtration of soybean methyl biodiesel with values of 1.20 × 10 −5 and 7.83 × 10 −5 cm 2 s −1 , respectively. These values indicate that cellulose membranes, before and after filtration, have high permeability compared to those of several other membranes in literature. 46 
Characterization of crude and purified biodiesel
The cellulose membranes prepared under optimized conditions were used in the filtration of soybean biodiesel. The biodiesel was subjected to different characterization procedures to evaluate its quality after the filtration by regenerated cellulose membranes from the peanut shell. For the purposes of comparison, a portion of the same biodiesel was also purified by washing with distilled water and subjected to the same procedures to evaluate the quality of biodiesel. Crude biodiesel (without purification) was also characterized.
The chromatographic profile and the FAME composition of the biodiesel filtered by the regenerated cellulose membranes were obtained by GC-FID and are presented in Figure 5 . The soybean biodiesel chromatogram shows the peaks referring to the methyl palmitate (C16:O), methyl stearate (C18:0), methyl oleate (C18:1), methyl linoleate (C18:2) and methyl linolenate (C18:3), the profile of which is in accordance with soybean biodiesel usually registered in the literature. 47 In addition, the total ester content in biodiesel was 98.3%, indicating that it is above the minimum limit recommended by the main regulatory agencies 37 for the quality of biodiesel (> 96.5%), as well as close to the value estimated by the mathematical model determined by the CCD, which was 99.5%.
The free glycerol content, acidity index, kinematic viscosity and specific gravity of biodiesel were also determined in biodiesel filtered by regenerated cellulose membranes and compared to those obtained in crude biodiesel and biodiesel washed with distilled water. Table 4 presents these results.
As can be seen in Table 4 , all parameters measured in biodiesel filtered by regenerated cellulose membranes are within the limits established by the main international legislation, 42 indicating that the filtration process is an efficient alternative to the washing of biodiesel with distilled water. Regenerated cellulose membranes were able to reduce glycerol residues in biodiesel by 72.7%. Moreover, the free glycerol content in the filtered biodiesel was lower than that of the washed biodiesel, showing that in the membrane filtration process glycerol tends to be trapped in the regenerated cellulose membrane, probably through the interaction of the glycerol molecule with the hydroxyl groups of cellulose, reducing its content in biodiesel to levels within the recommended, which did not happen with biodiesel washed with hot water.
Conclusions
In this work, it was possible to optimize the preparation of regenerated cellulose membranes from the peanut shell and to use them as filtration systems for biodiesel purification. The regenerated cellulose membranes retain residual glycerol molecules present in biodiesel after the decanting process, reducing their levels within the limits established by the main international regulatory agencies of biodiesel quality. No characteristics measured in filtered biodiesel were inferior to those obtained by the conventional method by washing biodiesel with distilled water. In addition to the relatively simple preparation, regenerated cellulose membranes have also been shown to be highly reproducible and despite a non-porous and dense structure when dried, the membranes expand in contact with biodiesel, allowing the filtration of fatty acid methyl esters. Compared to other filtration systems proposed for the purification of biodiesel, regenerated cellulose membranes from the peanut shells present the environmental and economic advantages due to the reuse of biomass residues, which are usually eliminated by burning.
